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Experimental Procedures and Characterization Data General Experimental Procedure
All reactions were performed under an atmosphere of N 2 unless otherwise noted. Except where stated, commercial reagents and all solvents were used as received. THF was distilled immediately prior to use from sodium/benzophenone. Melting points (mp) were measured with a Fisher-Johns melting point apparatus and are uncorrected.
Thin layer chromatography (TLC) was performed using Macherey-Nagel Polygram ® SIL G/UV 254 precoated silica plates. TLC plates were visualized using a short wave (254 nm) UV lamp or a PMA solution. Flash chromatography was carried out using Silica Gel 60 (E. Merck, 230-400 mesh) with the mobile phase indicated in the experimental sections.
1 H NMR spectra were obtained from CDCl 3 solutions, except when noted, using a General Electric 300 NB instrument operating at 300.1 MHz or a Bruker Avance 500 instrument operating at 500. 
Experimental Procedures
Methyl (E)-3-(7-methoxy-2-oxo-2H-chromen-3-yl) acrylate (10) and 3-methoxycarbonyl-2-methoxycarbonylmethyl-7-methoxy-2H-chromene (13) To a magnetically stirred solution of 2-hydroxy-4-methoxybenzaldehyde 11 (5.00 g, 32.9 mmol) and 12 (4.86 mL, 34.5 mmol) in benzene (100 mL) was added piperidine (1.63 mL, 16.5 mmol) dropwise and the resulting mixture was heated at reflux with azeotropic removal of water for 3 h.
The reaction mixture was cooled to room temperature, whereupon a white precipitate formed.
The mixture was further cooled in an ice/water bath and the precipitate was isolated by suction filtration and the filter cake was washed with cool benzene (50 mL) to afford 10 (6.69 g, 78%) as a white solid. The filtrate was concentrated under reduced pressure and the residue was subjected to flash chromatography on silica gel (5% ethyl acetate/CH 2 Cl 2 ) to afford 13 (2.13 g, 22%) as a yellow oil. 4-Methoxy-9,10-dihydro-9-oxaphenanthren-10-one-2-carboxylic acid methyl ester (14)
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A solution of dimethoxyacetaldehyde (60 wt. % solution in water) (3.27 mL, 21.7 mmol) and pyrrolidine (1.82 mL, 21.8 mmol) in benzene (20 mL) was heated at reflux with azeotropic removal of water for 1 h. The resulting mixture was allowed to cool for 10 min and solid 3 (0.50 g, 2.17 mmol) was added in one portion. The resulting mixture was heated at reflux for 1 d. To a mixture of 14 (52 mg, 0.18 mmol), NaBH 4 (34 mg, 0.23 mmol) and DME (0.63 mL) was added MeOH (0.31 mL) slowly over a period of 1 h and the resulting mixture was heated at 70
°C for 2 h. After cooling to room temperature 1 M aqueous HCl solution (2.0 mL) was added and the resulting mixture was extracted with ethyl acetate (3 5 mL). A solution of dimethoxyacetaldehyde (60 wt. % solution in water) (19.6 mL, 0.130 mol) and pyrrolidine (9.76 mL, 0.117 mol) in benzene (150 mL) was heated at reflux with azeotropic removal of water for 1 h. The resulting mixture was allowed to cool for 10 min and solid 10 To a 0 °C slurry of LiAlH 4 (1.77 g, 46.6 mmol) in THF (10 mL) was added a solution of 9 (2.32 g, 7.37 mmol) in THF (150 mL) dropwise. The ice/water bath was then removed and the resulting mixture was heated at reflux for 5 h. After cooling to room temperature water (1.7 mL) was added carefully and stirring was continued for 10 min. Aqueous 15% NaOH solution (1.7 mL) was then added and stirring was continued for 10 min. Another portion of water (5.1 mL) was added and stirring was continued for 30 min. The mixture was diluted with aqueous 1 M HCl solution (100 mL) and extracted with EtOAc (3 50 mL). The combined organic layers were dried over MgSO 4 , gravity filtered and concentrated under reduced pressure to afford 16 (2.01 g, 94%) as a white solid: mp 147.5-148 °C; IR (nujol) = 3408 (brs), 1611 (m) cm A solution of 9 (1.22 g, 3.89 mmol) in 9:1 1 M NaOH/EtOH (100 mL) was heated at reflux for 1 h. The heat source was removed and the pH of the reaction was immediately made acidic using aqueous concentrated HCl while the mixture was still hot. Once acidic, a white precipitate formed. The mixture was cooled to room temperature and the precipitate was isolated by suction 
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To a slurry of 19 (2.00 g, 6.66 mmol) in THF (80 mL) at 0 °C (ice/water bath) was added NaH (60% dispersion in mineral oil) (0.296 g, 7.33 mmol) slowly and the resulting mixture was allowed to stir and warm to room temperature for 1 h. The mixture was concentrated under reduced pressure and freshly distilled oxalyl chloride (70 mL) was added to the residue. The resulting mixture was then heated at reflux for 12 h, cooled to room temperature and concentrated under reduced pressure. THF (80 mL) was added to the residue and the mixture was cooled to 0 °C (ice/water bath). A 2 M solution of Zn(CH 3 ) 2 in hexanes (1.3 mL, 20 mmol) 
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To 21 (20.1 mg, 0.0639 mmol) was added aqueous 65% HI solution (5 mL) and the resulting mixture was heated at reflux for 30 min. The reaction was cooled to room temperature and the solid was isolated by suction filtration using a sintered glass funnel. 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200 f1 (ppm)
